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& Qeiay circuit having st3bte deiay time. 

0 A delay circuit comprises a ?irst inverter inciud- 
ing a first MOSFET or a F-channol lype (P-,) having 
a gate connected to an input termini (IN), s drain 
cofiiieci^ci to £ ii ; 'st node ( ■ } and 3 source connected 
to a high voltage supply iine (v co ); arid a second 
MOSFET (Ns) of ar. N-channsI type saving a gate 
connected to the input terminal, a drain connected 
through a firs- resistor (R-) to tfie f;rsi node end s 
source connected to ground. Thers is provided a 
current mirror circuit having sn input side current 
path (!•} connected in parallel to the first MOSFET. 
and sir; Duipus side current pa-h (bj connected be- 
tween tie first voltage supply Sine and a second 
nods {2} A capacitor (O) is connected between the 
second node and the ground, and there is provided 
a third MOSFET (N? } of the N-chsnn&f type having a 
gate connected to receive an inverted signal of a 
mgml applied em She Snout terminal, a drain con- 
nected to the second nods and s source connected 
to the second voliage suopiy hm {ground}. A second 
inverter includes a fourth MOSFET <P 6 ) of the P- 
channs! type naving a gate connected to the second 
rtcde, a d;ain connecfed to an output temiinaf (OUT) 
snd a source connected to the hioh voltage supply 
line, snd a fifth MOSFET {N; ) of the N-channei type 
having a gate connected to the input tormina}, a 
drain connected through 3 second resistor (R a ) So 
•he output terminai and a source connected to the 



ground. 
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DELAY CIRCUIT HAVING STASL5 DELAY TSME 



Background of the Invention 



Reld of the invention 

The present invention -elates to a delay circuit, 
and more specifically to a delay circuit which is 
suitable for insi&tteticn in s MQS fmsta! ox>ds semi- 
conductor} integrated circuit. 



Description ot related art 

In She prior art. one typical delay circuit imple- 
mented in a MOS integrated circuit is composed oi 
s first CMOS (complements -y MOS) inverter hav- 
ing an input connected to an input terminal, a 
second CMOS inverter having an output connected 
to an output terminal and an integration circuit 
foirned of a >esistof and a capacitor and connected 
between an output o* the first CMOS inverter and 
an input ot iris second CMOS inverter, in this Oetay 
circuit, s delay time is determined by a resistance 
and a capacitance? of the integration circuit and a 
logical threshold of the second CMOS inverter. The 
logical threshold of the second CMOS inverter is 
greatly dependent upon a transconducianee g.~ 
and a threshold V T of each of s P-channel frsnsis- 
tor and an N-channe! transistor which form the 
second CMOS inverter. However, the transconduc- 
tance g m and the threshold v v cannot be precisely 
controlled in an integrated circuit manufacturing 
process. ThenMore. it hss been difficult to obtain a 
desired delay time in the conventional MOS delay 
circuit, in other words, tne delay time *'i!i vary 
dependents upon variation oi characteristics of 
MOS transistors. 



Summary of the Invention 

Accordingly, It is an object of the present in- 
vention to proyide a delay circuit which has over- 
come the above mentioned defect of she conven- 
tional one. 

Another object oi the present invention is to 
provide a delay circuit which is suitable for installa- 
tion in a MOS integrated circuit and which can 
obtam a precisely controlled stabile delay time 
which will not vary even if characteristics of MOS 
transistors forming the delay circuit vary. 

The above and other objects of the present 
invention are achieved in accordance with the 
present invention by a delay circuit comprising- 
an input terminal and an output terminal; 



a iirst MOSFET naving a gate connected to tne 
input terminal, and a drain-source path connected 
at its one- end to a first node and at its other end to 
a first voltage supply line: 
b a second MOSFET having a gate connected to tne 
first node and a drain-source.- path connected at its 
one end to the first nods and at ; ts other end -o She 
first voltage supply line; 

a third MOSFET having a gate connected to the 
io input terminal, and a drain-source path connected 
at iis one end through a fkst resistive element to 
the first node and at its other end to a second 
voltage supply fine; 

a fourth MOSFET having a gate connected io the 

i5 first node, and a drain-source path connected at its 
one end to a second node and at its other end to 
the iirsf voltage supply line; 
a capacity's element connected between the sec- 
ond node and a predetermined voltage supply line; 

so a fifth MOSFET having s cats connected to receive 
an invested signal of a signal applied on the Input 
terminal, and a drain-source path connected s; h's 
one end to the second node and a- its other end to 
the second voltage supply line; 

25 a sixth MOSFET having & gate connected to the 
second node, and a drain-source path connected ai 
its one end to the output terminal and at its. other 
end to the first voltage supply hns; and 
a seventh MOSFET having a gate connected to the 

so input terminal, and a drain-source path connected 
at its ens end through a second resistive element 
to the outout terminal and at its other end to ihe 
second voltage supply lines. 

in a specific pujierred embodiment, the deiay 

35 circuit in accordance with the present invention 
comprises: 

an input terminal and an output terminal; 
a first MOSFtT of a Sirs; channel type having a 
gaie connected to the Input terminal, a drain con- 
■to necte-d to a first node and a source connected to a 
first voltage supply fine; 

a second MOSFET oi the first channel type having 
a gate and a drain connected commonly to the first 
node and a source connected to the first voltage 

4S supply fine; 

a third MOSFET of a second channel type which is 
different from the first channel type, tne third MOS- 
FET having a gate connected to trie input terminal, 
a drain connecter; through a first resistor to the first 

so node and « source connected to a second voltage 
supply itne; 

a fourth MOSFET of the first channel type having a 
gaie connected io ihe firsf node, a drain connected 
to a second node and a source connected to (he 
first voltage suppiy line; 
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a capacitor connected between the secone rods 
and a predetermined voltage supply line; 
a fifth MOSFET of the secotid channel type having 
a gate connected to receive an inverted signs! of a 
signal applied on the input terminal, a drain con- 
nected to trie second nocie and a source connected 
to the second voltage supply line; 
a Sixth MOSFST of the fust channel tyoe having a 
gate connected to ins second node-, a drain con- 
nected to the ouipu; terminal and a source con- 
nected to the first voitag? supply line; ann 
a seventh MOSFET or the second channel type 
having a gate connected to the input terminal, a 
d-am connected tnrougn 3 sacono resistor to she 
ouips.it lesminal and a source connected to in© 
second voitage supoly I'^e, 
{he second and fourth MOSFETs forming a current 
mirror circuit, and t^nscorjductances of ths sec- 
ond, third, sixth arid seventh MOSFETs and resis- 
tances of the iitst and seeono resistors lulling the 
following conditions: 
Q«e = n x 

Ri « R f / n 

whe-e s, r ,;, 9, r .:;. g ra ~ ane g r? aie ■» ansconductan- 
ces cr" ihe second, third, sixth and seventh MOS- 
FE i's, respectively, 

P: and a:e resistances of the ■■est and second 
resistors, respectively, and 
n is positively number. 

Th? above and other objects, features and ac- 
vantages of ;ne present invention will be apparent 
from ths following description of preferred embodi- 
ments of the invention with reference to the accom- 
panying drawings. 



Brief Description of the Drawings 

!'-iyure 1 is a circuli diagram of a typicai conven- 
tional delay circuit composed of CMOS Circuits; 
Figure 2 is a waveiorn-i diagram illustrating the 
characteristics of 'he conventional delay circuit 
shown !fj figure 1; 

Figure 3 is 3 graph illustrating an input-output 
characteristics of an invensr; 
Figure 4 is a circuit diagram of a first embodi- 
ment of the delay circuit in accordance wi+n the 
present invention; 

Figure 5 is a wsveterm diagram Illustrating the 
characteristics of the delay circuit shown in Fig- 
ure 4; and 

Figure 8 Is a circuit diagram or a second em- 
bodiment of the delay circuit In accordance with 
the present invention:. 

Description of the Preferred embodiments 



Referring to Figure 5, 'here is shown a circuit 
diagram 0"" a typicai conventional delay circuit com- 
posed of CMOS ciicuils. The shown delay circuit 
includes an input terminal fN and an output fsrmi- 

f nal OUT. Tne delay circuit also includes a first 
CMOS inverter iNVn including a P-chsnnrsi MOS- 
FET P Si and an N-channel MOSFET H-. 2 con- 
nected in series between a first voltage supply line 
Vcc and ground, namely, a second voltage supply 

10 line GND. An input c' the «rst CMOS inverter INV,, 
is connectec to tne input Terminal IN and an output 
of the first CMOS inverts INVn is connected to a 
first node n , A resistor R:i is connected between 
the first node M and a second node 12. and a 

is capacitor C is connected between the second nods 
12 and the second voltage supply line 6ND. The 
delay cucuit further ir-ciudes s second CMOS in- 
verter tNV j Including 2 P-channel MOSFET P* 5 
and an N-cnannei MOSFCT Nu conn-scieo in se- 

ao ues between the first voltage suopiy line Vcc and 
the second voltage supply line GND. An input of 
the second CMOS inverter !NV-=; Is connected to 
the second node 12 and an outout of the second 
CMOS inverter !f\Vic is connected to 'he output 

SS terminal OUT. 

Operation of tne ci r cuit shown In Figure 1 wiji 
tie described with reference to Figure 2 which is a 
waveform diagram illustrating (he characteristics of 
the conventional dsiay circuit shown in Fsgme 1 

10 Assume that the circuit i? in an Initialised con- 
dition trtat a low level signal is applied to the inpu= 
terminal IN and the first and second nodes 11 and 
12 are at a nigh level, respectively, so that s lev. 
level signal is outpufied from the output terminal 

35 OUT. Under this condition, if a high level signal is 
applied to the input terminal IN. a potential Vt j of 
ihs first node 1 1 is brought to a low level {{he ieve : 
oi the second voltage suopty line GND} at the 
same time as ths high levs! signal is appllea to the 

-jo Input tormina! IN. Thersaftei , s potential V, ; of tne 
second node 12 will gradually decrease in accoi- 
dance with the following equation ft}: 
v 52 = Vcc ' ^^" , "' CB,1 (1) 

When the potential V:; becomes equal to a 

45 iog-cal threshold V iiS! (, of ths second inserter INV<j, 
the output of the second inverter INV ;; is inverted 
so that the high level signal output ;s outputted 
from tne output terminal OUT. w th the result that 
the delay time to is obtained. 

se The dsiay time ttj obtained In the delay circu ; t 
of Figure 1 Is «xoressed in th>e following equation 
(2): ' 

: 0 = C * R, , * In (VCC / Vuan) (2) 

As seen from ifiS equation (2). the dsiay time 
55 obtained m the delay circuit o f Figure 1 rs depen- 
dent upon the value of the capacitor C and the 
value ot the rssistor and the logical threshold 
V^ti, of the second invertc INV 12 . The logical 
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threshold V. el! , of the second inverter INV'u varies 
when a transconductance g SK and a threshold Vth of 
each o: MOSFETs forming the second inverter 
INV,? vary. For example, assume that a logical 
threshold is set io V tM > as shown in Figure 3. 
However, the trans conductance g~ and She thresh- 
old Vth will inevitably vary due to variation or 
dispersion in fabrication. Therefore, if the transcor- 
ductance gm of the MOSFET Pi a becomes fcmall 
or if the threshold V T of *9 MOSFS5T P-. 3 becomes 
high, cr if the iransconductartce gm of the MOS- 
FET Ni* becomes large or if the threshold VV of 
the MOSFET Mh becomes lew. the inputoutput 
characteristics of the inverter becomes as shown :n 
a curve "a" in Figure 3, and therefore, the logical 
threshold wiii be lowered to V lila . On ihe other 
hand, if the rransc.onduoianee gm of ths MOSPET 
Pi? becomes large or if the. threshold V T oi She 
MOSFET Pis becomes law. or if itse iransconduc- 
fance gm of the MOSFET Nk becomes small o< if 
the threshold V T oi ihe MOSFET N u becomes 
high, Tho input/output characteristics of the inverter 
becomes as shown in a curve "c" in Figure Z, and 
therefore, the logical threshold will be raised io 
V«, c . Accordingly, if the tssnsconciuciance g :rt arid 
the ihieshotd Vth of S2Ch of MOSFETs forming the 
second inverter fNV:; very, the logical threshold 
V'l^ of the second inverter lNVi«"wifl very, and 
therefore, the delay tlrne - p will also vary. 

Referring to Figure 4. there is shown a circuit 
diagram at a first embodiment of the delay circuit 
in accordance with tne present Invention. 

The shew delay circuit includes an input ter- 
minal \H and an output terminal OUT. The delay 
circuit also includes a first MOSFET Pi of the P- 
channel type having a gate connected to the input 
terminal IN, a drain connected to a first node i and 
a source connected to a first voltage supply line 
Vcc: s second MOSFET P 2 of the P-channet type 
having a gate and a drain connected commonfy to 
the first node ■ 3nd s source connected to the first 
voltages supply line Vcc; a third MOSFET N r . of the 
N-channel type having a gate connected io ths 
input terminal IN. a drain connected through a 
rssisior Hi to the first noae 1 and a source con- 
nected to a second voltege supply line GND; a 
fourth ivIOSFFT Pi of ihe P-tnanns! type having a 
gats connected io (he first node 1, a drain con- 
nects to a second node 2 and s source connected 
to trie first voltage supply line Vcc; a capacitor C 
connected between ths second nod? 2 arid the 
second vollage supply line <5ND; a fifth MOSFET 
Ns of fhs M-channe! typo having a gate connected 
through an inverter INV to the input terminal IN, a 
drain connected to the second node 2 and a 
source connected to the second voltage supply fine 
GND; a sixth MOSFET P 5 of the P-channel type 
having a gate- connected to the second node 2, a 



drain connected to the output terminal OUT and a 
source connected to the first voltage supply line 
Vcc; and a seventh MOSFET N ? of the N-channel 
type having a gate connected to the input terminal 

g IN, a drain connected through s resistor R v to the 
output terminal OUT and a source connected to a 
second voltage supply line GND. 

Now, operation of the circuit shown In Figure 4 
Wfi' be oesctibed with reference io Figure 5 which 

TP is a waveform diagram illustrating ths characteris- 
tics of the delay circuit shown in Figure 4. 

Assume ihat the circuit is in an initialized con- 
ditio;) that a low level sipnai is applied to the input 
terminal IN, so that the transistors Pi, Ns and P s 

75 are on and the transistors P ? , N?, P ( and Nt are 
off, and therefore, a potential Vi of the firs' node 
1 1 is at a high level (Vcc) and and a potential V2 of 
the second node 12 is at s low level (GNO). with 
ths result that s high revel signal is ouipuiiecl from 

■jo the output terminal OUT. Under this oonoition, if a 
high Isvel signal is applied ic the input terminal IN, 
the transistor N3 and N; are turned on, and the 
transistors P ; and H~ are turned off. Here., if 3 
trans-conductance g mf;: , o? the transistor N 3 is set to 

3b be greater tnan a factor 1'R- {g„..,-, VRi), the 
potential V-. of tits first node 11 assumes a poten- 
tial Vth which is determined by a transconductance 
g.-if.; of the transistor P? and a resistance 01 the 
resistor R t . Therefore, a current U flowing through 

30 ihe transistor P? is expressed in the following 
equation (3): 
h - V»/R, (3) 

Sines a mirror circuit is formed by the iransis- 
iors Pf arid Pi, If a iransoonductance g m of the 

35 transistor Pi is called "cj ffl p=i": when trie transistor 
P/. operates in a saturation region, a ct;u-ent ± 
fiowlng rhrougli the transistor P.-. is expressed in 
the following equation (4): 
h ~ {3™w '' SmK} x >1 {4) 

4c Since the capacitor C is charged up by the 
current k, the potential V2 of tne second node ?. 
car be syp^ossec in the following equation (S}: V; 
~ h l C = {V„. / Ri * C} * {g„, M / Qan} <5) 
Hei-e, if it is set that the iransconductances of 

4s the transistors P;; and are the sartie. Sis tran- 
scondactances of the transistors N a and N? are the 
same and the resistances of the resistors R; and 
Rs a;s the same, an inverter which includes a 
driver formed of the transistor Ps and a foad 

so formed of the second resistor R : ; and the transistor 
N?, will have a logical ■Jtreshoid represented by 
Vth. Tiie reason for this Is that: ths same inverter 
as the inverts! which includes trie transistor Pe as a 
driver and {lie second resistor R2 and ihe transistor 

5S Hy as a toad, is formed of ihe transistor P? and the 
resistor and tne transistor Ms; Since an input of 
ihe inverter formed of the transistor P s and the 
resistor and the transistoi Nj, namely the gate 
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of the iransiSto: P? is connected to the- firsi node 1 
wnich is. £■■! output oi -ne inverter formed of ihe 
transistor Pj and She resistor R- and tne transistor 
. the first node 1 is biased to the logical thresh- 
old o; me inverter formed ot the transistor P<- and 
the resistor Ri and the transistor N$: As msntiunea 
above, ins potential V' { of tne first node is Vth 

Acooidinciiy, when the potential Vj of the sec- 
ond node 3 becomes eoua! to Vth, ihe inverter 
composed o! the transistors P t , ihe reenter R? end 
the transistor N? is invertea so as to generate a low 
level s:gnai to the output terminal OUT. The delay 
■ ine k- Is given 3 time uriii the potential V.-. of the 
second node 2 is charged up from the ground 
poiennsi GNO to Vth. Ths delay time to is ex- 
pressed in the following ecuation {6}: 
in = C R : • {9, f5 ,g^} {6-. 

Turning to Figure 8. there is shown a eircui' 
diagram oi e second embodiment of the delay 
circuit m accordance w s th ihe present invention. In 
Figure 6. elements similar o : ' eo; responding, to 
those shewn in Figure 4 ate given the same Refer- 
ence Numerals and Letters... and a suffix V is 
added to Referenc.fi Numerals and Letters given to 
Siemens s having characteristics different from those 
o: corresponding elements of ihe fi'si embodiment 
Therefore, explanation of ihe construction will be 
omitted. 

As seen from compa'ison between Figures * 
and 6. the second embodiment is different from tha 
first embodiment ir; thai, in the second emoodi- 
meni, the capacitor C if connected between the 
second rode 'I and the first voltage supply line 
vcc. Mowsvet. operation of the second embodi- 
ment, is The same as : that of the firs* embodiment, 
and therefore, detailed explanation of th-3 operation 
will be aiso omitted. 

As can be understood from the first and sec- 
ond embodiments, the capacitor C can exert ths 
same function regardless of whether a one end of 
the capacitor is connected to {lie first voltage sup- 
ply tins Vcc or ths second voiiage supply line 
GNO. Actually. iheroiorc ; the one end of the ca- 
pacitor can be connected to s voltage supply line 
which is preferred from a viewpoint of a layout, in 
other words an increased degree of freedom in the 
layout can bo obtained. 

in the fus- embodiment shown tr- Figure 4, it is 
set that the ■ranseonduc-ances oi the transistors P : = 
and Ps are ths same, the iranscortductances of the 
transistors Nj and N? are the same and ths resis- 
tances of tns resistors and R; are ihe same. In 
the second embodiment, consideration can be 
made by replacing P», and N; by P S3 . R? s snd 
N 7a , respectively, and by seii'ino. that a transcon- 
ductance g m oi ihe transistor F^s is n >; g,,^, 3 
resistance of the resistor R? a is Rx-ti, and a tran- 
sconciuctsnoe g... of the transistor N? s is n x g^. H7 . 
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Under this condition, an inverts: composed oi the 
transistor P Ss . me resistor R 3il and the transistor 
N-,,. has the same logical threshold as that of the 
Inverter composed oi the tiansisior P.-., ihe resistor 

s Ri and the transistor Ns. Therefore, ths same 
operation as that of ihe first embodiment can be 
obtained, it; this case, if n 1, a power for driving 
a load connected io ihe output terminal OUT is 
Inc: eased, and if n < 1. a currant flowing the 

v:- inverter composed of the. transistor P s? . the resistor 
R?..ard the tiansistot N Va becomes smali, ar.d 
thersfoie, a consumed power can be rendered 
smali. 

m the above mentioned embodiments, each of 

is the resistors Hi and R ? can be formed with s 
depiction FET which is connected to function a-; a 
resistive element. 

As seen from the above, the delay circuit in 
accordance with trie present invention can have the 

co delay time t D given the acove mentioned equation 
(6). which can ba set by setting the capacitance oi 
the capacitoi and the issistance of tne resistor and 
aiso by setting a ratio oi iranscondtiotarces of the 
transistors P- ana P.-,. Here, in a MOS integrates 

25 circuit formed oi a single substrate, a ratio of 
tratiscofiducisnces of MOSFcTs c' the same con- 
duction or channel type can be set with a very nigh 
aegree o* pre,cision. ano theie^oie. 'ho precision o- 
the deiav time is substantiallv governed by oniv 

30 the precision in the capacitance ot the capacitor 
and in fhe resistance o ; ths resistor Accordingly, 
the f o can be- obtair-od a oolay ;ircui! having the 
delay rime k- which win never var; even If the 
characteristics (absolute precision) of the rViOS- 

35 FETs varies. 

The invention nas thus been shown and de- 
scried with reference to tho specific embodi- 
ments. However, it should be noted that the 
present invention Is in no way limited to the details 

4l; of ihe lilustraied stiuciures but changes and modi- 
fications may os made. 



Claims 

1 . A delay circuit comprising: 
an input terminal and an output: terminal: 
3 first MOS FET having a gate connected to the 
input terminal, and a drain- sou roe path connected 
5.3 at its one end to a fir?; node and at f=s oilier end to 
a first voiiage supply line; 

a second MOSF&T having a gate connected to the 
first node and a aram-sootce oath connected at its 
one end to ihe fust nude and a; its other end to fhe 
55 first voiiage supply line; 

a third MOSFE'f having a gate connected to the 
input terminal and a drain-source path connected 
at its one end through a first resistive element io 
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the first node end at its other end to a second 
voltage supply Sine; 

s fourth MOSFET having a gate connected to the 
Sirs' node, and a drain-source path connected at its 
one end to a second node and at its other end to 
the first voltage supply fine; 
a capaciiive element connected between the sec- 
ond node and a predetermined voltage supply line: 
a fifth MOSFET having a gate connected \o receive 
an inverted signs! of a signs 1 applisd on the input 
terminal, and a drain-source path connected at its 
one end to She second node and at its other' end to 
the second voltage supply line; 

2 sixth MOSFET having a gate connected to the 
second node, and a a rain- source path connected at 
ft? one end to the output terminal and at its other 
end to the first voltage supply line; and 

3 seventh MOSFET having a gate connected to the 
input termins, and a dram-source path connected 
ai its one end through a second resistive element 
to the output terminal and at its other end to the 
second voitage supply fins. 

2. A Circuit Claimed in Claim 1 wherein ths capaci- 
trve element is connected oetween tne second 
node and the second voitage supply line. 

3. A circuit claimed in Claim 1 wherein the capaci- 
fcv$ element re connected hsiween the second 
node and the first voltage supply line. 

4. A delay Circuit comprising; 

an inpui terminal and an output teminai; 
a first MOSFET o? a first cnenrtel type having a 
gats connected to the input terminal, a drain con- 
nected to a first node and a source connected to a 
firs; voitage supply ilne; 

a second MOSFET of the first charms 1 tyoe having 
a gate and a drain connected commonly fo the first 
node and a source ccnnscted to the first voltage 
supply line; 

a third MOSFET of a second channel type which is 
different from the first channel type, fhe third MOS- 
FET having a gate connected to the input terminal, 
a drain connected through a first resistor to the first 
node and a source connected to a second voftage 
supply fine; 

3 fourth MOSFET of the first channel type having a 
gats connected to the firs; node, a drain connected 
to a second nods and a souses connected to the 
first voltage supply line; 

a capacitor connected between the second nods 
and a predetermined voltage supply line; a fifth 
MOSFET of the second channel type having a gate 
connected to receive an inverted signal a? a signal 
applied or; the input terminal, a drain connected to 
the second node and a source connected to the 
second voitage supply line; 
a sixth MOSFET of the -firs; channel type having a 
gate connected io the second node, a drain con- 
nected to the output terminal and a source con- 



nected to the first voltage supply line; and 
a seventh MOSFET of the second channel type 
having z gate connected to the input terminal, a 
drain connected through a second resistor to the 

5 output terminal and a source connected to trie 
second voitage supply line, 
the second and fourth MOSFETs forming a current 
mirror d-cui', and transeonduotarices of the sec- 
ond, third, sixth and seventh fv-OSFETs and resis- 

io lances of the first and second resistor fulfilling the 
following conditions; 
Sue s n x g ;t! , a 

R, = R 2 / n 

s where g. ;il >. g :!:i , g :;it , and g m > are transconductan- 
ces of the second, third, sixth and seventh tv'OS- 
FETs, respectively, 

R; arid Rj are resistances of the first and second 
resistors, respectively, and 

so n is positively number. 

5. A circuit claimed in Claim 4 wherein the first 
channel type is a P-channet type and the second 
channel type is 3n N-chsnnei type 
8. A circuit claimed In Claim 5 wns-rein the capaa- 

as tor is connected between the second node and the 
second voltage supply line, 
7. A circuit claimed in Claim 5 wherein the capaci- 
tor is connected between the second node and the 
first voltage supply line. 

30 s. A delay circuit comprising 

an input terminal and an output terminal; 
a first inverter including s firs! MOSFET of a first 
channel type having a gate connected to the input 
terming;, a drain connected to a first node and a 

:js source connected io a first voltage supply line; arid 
a second MOSFET of a second channel type which 
is different from the first channel type, tne second 
MOSFET having a gate connected io the input 
terminal, a drain connected through a first rssistor 

■io to the first node and a source connected fo a 
second voitage supply line; 
a current mirror circuit having an inuui side current 
path connecfed in parallel to ifce first MOSFET, and 
an output side current path coniiscfed between the 

*5 first voltage supply line and a second node; 

a capacitor connecfed between the second node 
and a predetermined voltage supply line; 
a third MOSFET of the second channel type having 
a gate connected fo receive an inverted signal of a 

so signal applied on the input terminal, a drain con- 
nectsd to tne second node and a source connected 
to the second voltage supply line; and 
a second inverter including a fourth MOSFET of 
the first channel type having a gate connected fo 

55 the second node, a drain connected to the output 
terminal and a source connected io the firs! volisge 
supply line, arid a fifth MOSFET ot the second 
channel type having a gate connected to the input 
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terminal, a drain connected through s second resis- 
tor to the output terminal and a source connected 
to the second voltage suppfy tine. 
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